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g (57) Abstract: This invention provides a station for rapidly preparing arrayed slides for hybridizations. At least one miciro-arrayed 
® slide is inserted into a carrier. A hybridization chamber is formed by a chamber element contacting the slide. The carrier is removably 
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^ The station generally includes at least one wash station assembly, a fluid delivery system, a sample delivery system, and a temperamre 
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HYBRIIDEZATIION STATION 

CROSS-REFERENCE TO RELATED APPLICATIONS 
The present application is related to and claims priority from Provisional Patent 
Application entitled "Drug Discovery (NDD) Instrumentation Based on Laser Capture 
Microdissection (LCM) and cDNA Gene Expression Array Technologies", Serial No. 
60/163,634, filed November 4, 1999, and is incorporated in its entirety into the present 
application herewith. 

FIELD OF THE INVENTION 
The present invention relates to a hybridization station and, more particularly, to a 
hybridization station having a hybridization chamber for rapidly performing repeated 
hybridizations. 

BACKGROUND 

Nucleic acid hybridizations generally utilize arrays of oligonucleotide sequences 
immobilized on solid supports to detect complementary nucleic acid sequences in an 
assayed sample. The arrays can be used to determine the complete sequence of the assayed 
nucleic acid and to detect the presence of a nucleic acid with a specific nucleotide 
sequence. A wide variety of applications are possible including sequencing-by- 
hybridization techniques and diagnostic methods for monitoring differential gene 
expression and detecting genetic and other disorders. 

One consideration in nucleic acid hybridizations is the rate and stringency at which 
the hybridization reaction occurs. The hybridization rate and stringency can be affected by 
a variety of conditions. One such condition is the temperature of the hybridization reaction. 
Hybridizations occur at a fixed and very critical temperature. During the hybridization 
process, it is required that hybridization solution be introduced to the hybridization 
chamber at a specific temperature. Conventional hybridization chambers do not allow for 
introducing hybridization solution into the chamber while incubated at a specific 
temperature. Such conventional chambers often require that the chamber be removed from 

1 
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the heat source, hybridized and then returned to the heat source. Therefore, conventional 
hybridization chambers can often result in significant temperature differences within the 
chamber during the hybridization process. These temperature differences can be 
problematic. In addition, the above-mentioned factors also apply to rather elaborate wash 

5 procedures that follow hybridization. 

Other conditions that affect the hybridization rate include the concentration of the 
target nucleic acid in the sample, the composition of the hybridization solution, and the 
level of mixing of the target nucleic acid during the hybridization. Insufficient mixing can 
result in slower binding rates of probe to target. 

1 o Given these numerous conditions that affect the rate of the hybridization reaction it 

is desirable to provide integrated devices that are capable of optimizing a number of the 
specific conditions of these hybridization reactions. In particular, a hybridization station 
that is capable of rapidly and repeatedly delivering a sample onto an array, mixing the 
sample during hybridization, maintaining the sample at an optimal temperature for 

1 5 hybridization, removing the sample from the chamber following hybridization, and 
• washing the array is desirable. 

SUMMARY OF THE INVENTION 
In accordance with one aspect of the invention, there is provided a chamber for 
performing hybridization reactions. The chamber includes an examination surface and a 

20 chamber element. The chamber element has an inner surface and a raised portion defining 
an interior. The raised portion extends from the inner surface. The chamber is formed by 
the chamber element contacting the examination surface such that the raised portion 
engages the examination surface. The chamber is defined by the examination surface and 
the interior wherein the inner surface of the interior is spaced from the examination surface. 

25 In accordance with another aspect of the invention, there is provided a carrier. The 

carrier includes at least one chamber. The chamber is formed by a chamber element 
contacting an examination surface. The chamber element has an inner surface and a raised 
portion extending from the inner surface. The inner surface of the chamber element, that is 
encompassed by the raised portion, is spaced from the examination surface by the raised 

30 portion. 
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In accordance with yet another aspect of the invention, there is provided a 
hybridization method. The method includes providing a hybridization station having a 
carrier and a wash station. The carrier is removably insertable into the wash station. At 
least one slide having sample coupled to an examination surface is loaded into the carrier. 

5 A chamber element is provided. The chamber element is disposed in the carrier and the 
chamber element has an inner surface and a raised portion extending from the inner 
surface. The chamber element has at least one orifice. The at least one chamber element is 
located over the at least one slide to form a chamber such that the raised portion contacts 
the slide and the inner surface, that is encompassed by the raised portion, is spaced from the 

10 examination surface. The raised portion contacts the slide such that fluid does not cross the 
raised portion. The carrier is loaded into the wash station and fluid is injected into the 
chamber through the at least one orifice. 

In accordance with another aspect of the invention, there is provided a method. The 
method includes inserting at least one first carrier into a hybridization station. The at least 

1 5 one first carrier has at least one chamber. A solution is injected into the at least one 

chamber of the first carrier. The at least one first carrier is removed from the hybridization 
station to free the hybridization station for receiving at least one second carrier. The at 
least one second carrier has at least one chamber. The at least one second carrier is inserted 
into the hybridization station. 

20 In accordance with another aspect of the invention, there is provided a carrier 

removably insertable into a hybridization station. The carrier includes at least one 
chamber. The chamber has a first surface and a second surface. The second surface has a 
side wall extending from the second surface. The side wall of the second surface contacts 
the first surface and encompasses sample coupled to the first surface. A portion of the 

25 second surface that is encompassed by the side wall being spaced from the first surface. 

In accordance with another aspect of the invention, there is provided a hybridization 
station. The hybridization station includes at least one wash station assembly and a fluid 
delivery system coupled to the wash station assembly. The hybridization station further 
includes a sample delivery system adapted for fluid communication with the wash station 

30 assembly. A temperature control system in thermal communication with the wash station 
assembly is also included. A controller is coupled to the fluid delivery system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other advantages of the invention will become apparent upon 
reading the following detailed description and upon reference to the drawings in which: 
FIG. 1 is a perspective view of the hybridization station of the present invention; 
5 FIG. 2 is a perspective view of the wash station assembly of the present invention; 

FIG. 3 is an exploded view of the wash station assembly of the present invention; 
FIG. 4 is a perspective view of the carrier assembly of the present invention; 
FIG. 5 is an exploded view of the carrier assembly of the present invention; 
FIG. 6 is a perspective view of the carrier base assembly of the present invention; 
10 FIG. 7 is a perspective view of the carrier base of the present invention; 

FIG. 8 is a top view of the carrier base of the present invention; 
FIG. 9 is a cross-section view along line 9-9 of FIG. 8 of the carrier base of the 
present invention; 

FIG. 10 is a side elevational view of a latch pin of the present invention; 
FIG. 1 1 is a top view of the lower pad of the present invention; 
FIG. 12 is a top view of the slide locator of the present invention; 
FIG. 13 is a perspective view of the carrier top assembly of the present invention; 
FIG. 14 is a perspective view of the carrier top of the present invention; 
FIG. 1 5 is a bottom view of the carrier top of the present invention; 
FIG. 16 is a partial sectional view along line 16-16 of FIG. 14 of the carrier top of 
the present invention; 

FIG. 17 is a detailed view of the partial cross section of FIG 16 of the carrier top of 
the present invention; 

FIG. 18 is a top view of the top pad of the present invention; 
25 FIG. 19 is a top view of the chamber element of the present invention; 

FIG. 20 is a side elevational end view of the chamber element of the present 
invention; 

FIG. 21 is a bottom view of the chamber element of the present invention; 
FIG. 22 is a cross-sectional view along line 22-22 of FIG. 21 of the chamber 
30 element of the present invention; 

FIG. 23 is a detailed view of the cross-section of FIG. 22 of the chamber element of 
the present invention; 

4 
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FIG. 24 is perspective view of the earner clamp assembly of the present invention; 

FIG. 25 is a perspective view of the first hook assembly of the present invention; 

FIG. 26 is a perspective view of the wash station assembly of the present invention 
with the carrier assembly removed; 

FIG. 27 is a perspective view of the needle assembly of the present invention; 

FIG. 28 is a perspective view of the needle frame of the present invention; 

FIG. 29 is a cross-sectional view of the needle tube of the present invention; 

FIG. 30 is a perspective view of the guide pin of the present invention; 

FIG. 31 is a cross-sectional view of the guide pin of the present invention; 

FIG. 32 is an exploded view of the needle system of the present invention; 

FIG. 33 is a perspective view of a needle system of the present invention; 

FIG. 34 is a perspective view of the needle assembly and a portion of the frame 
structure of the present invention; and 

FIG. 35 is a schematic of the fluid delivery system and the sample delivery system 
of the present invention. 

While the invention is susceptible to various modifications and alternative forms, 
specific variations have been shown by way of example in the drawings and will be 
described herein. However, it should be understood that the invention is not limited to the 
particular forms disclosed. Rather, the invention is to cover all modifications, equivalents, 
and alternatives falling within the spirit and scope of the invention as defined by the 
appended claims. 

DETAILED DESCRIPTION 
Referring now to FIG. 1, a hybridization station 10 in accordance with the present 
invention is illustrated. Hybridization is a process well known to those of ordinary skill in 
the art. The hybridization station 10 is generally used for performing hybridization 
reactions such as hybridizing a sample of nucleic acids to an array of nucleic acid probes; 
however, it is understood by those skilled in the art from this disclosure that the 
hybridization station 10 could be used for other purposes such as staining a tissue sample, 
washing a hybridization army or a stained slide, recovering sample from a hybridization 
array, recoveiing stain from a stained slide, and the like without departing from the spirit 
and scope of the invention. For example, a variety of reactions may be performed using the 
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hybridization station 10 of the present invention including extension or amplification 
reactions using tethered probes as template or primer sequences, screening of receptors 
against arrays of small molecules, peptides or peptidomimetics, polymerase chain reactions 
with primer and template in solution, and the like. 
5 The hybridization station 10 includes at least one wash station assembly 1 2, a fluid 

delivery system 14, a sample delivery system 16, a temperature control system 18, and a 
process controller 20. Although the hybridization station 10 of FIG. 1 illustrates two wash 
station assemblies 12, the invention is not so limited. Because the wash station assemblies 
12 are substantially identical only one wash station assembly 12 will now be described. 

10 A wash station assembly 12 is shown in FIG. 2 and an exploded view of the wash 

station assembly 12 is shown in FIG. 3. The wash station assembly 12 includes a carrier 
assembly 22, a needle assembly 24, and a frame structure 26. 

Referring now to FIGs. 4 and 5, the carrier assembly 22 or cassette includes a 
carrier base assembly 28, a carrier top assembly 30, and a carrier clamp assembly 32. The 

1 5 carrier base assembly 28 and the carrier top assembly 30 are removably joined via the 

carrier clamp assembly 32. The carrier base assembly 28 is shown in FIG. 6. The carrier 
base assembly 28 includes a carrier base 34, a lower pad 36, and a slide locator 38. 

Referring now to FIGs. 7-9, there is shown a carrier base 34. The carrier base 34 is 
substantially a rectangular block comprising stainless steel or any other suitable material. 

20 The carrier base 34 is approximately 9.0 inches in length, approximately 4.0 inches in 

width and approximately 0.4 inches in thickness. The carrier base 34 includes a top 40, a 
bottom 42, a first side wall 44, a second side wall 46, a first end wall 48 and a second end 
wall 50. The first and second side walls 44, 46 and the first and second end walls 48, 50 
extend upwardly from the bottom 42 towards the top 40. A plurality of slide apertures 52 

25 are defined in the carrier base 34. The slide apertures 52 are dimensioned slightly smaller 
than a standard slide 53. In particular, the slide apertures 52 are approximately 0.80 inches 
wide and approximately 2.20 inches in length; whereas, a standard slide is approximately 
1 .0 inches in width and approximately 3.0 inches in length. Although the carrier base 34 is 
shown with six slide apertures 52, the invention is not so limited and any number of slide 

30 apertures 52 are within the scope of the invention. 

A plurality of locator bores 54 are defined in the top 40 of the carrier base 34. In 
addition to the plurality of locator bores 54, two male-member bores 56, each for receiving 
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a male member 58, as shown in FIG. 6, are defined in the top 40 of the carrier base 34. 
Also, two female-member bores 60, each for receiving a female member 62, are defined in 
the top 40 of the carrier base 34. A recess 64 is defined in the bottom 42 of the carrier base 
34 for easily accessing the slide apertures 52. 
5 A first side cut 66 is defined in the first end wall 48 of the carrier base 34. The first 

end wall 48 of the carrier base 34 includes a first latch pin bore 68 for receiving a latch pin 
70. The first latch pin bore 68 is defined in a location of the first side cut 66. A second 
side cut 72 is defined in the second end wall 50 of the carrier base 34. The second end wall 
50 of the carrier base 34 includes a second latch pin bore 74 for receiving a latch pin 70. 

10 The second latch pin bore 74 is defined in a location of the second side cut 72. 

A latch pin 70 is shown in FIG. 10. The latch pin is generally cylindrical and 
defines a groove 76. Latch pins 70 are insertable into the latch pin bores 68, 74 of the first 
and second end walls 48, 50 such that the groove 76 of the latch pin 70 is exposed and 
directed away from the top 40 and towards the bottom 42 of the carrier base 34. 

1 5 Referring now to FIG. 1 1 there is shown a lower pad 36. The lower pad 36 is made 

of resilient silicone material for cushioning the slides 53, however, any suitable material 
may be employed for the lower pad 36 to achieve the same effect. The lower pad 36 is 
generally rectangular in shape having a length of approximately 7.5 inches, a width of 
approximately 4.0 inches and a thickness of approximately 0.031 inches. A plurality of 

20 slide apertures 80 are defined in the lower pad 36. The slide apertures 80 of the lower pad 
36 are dimensioned slightly smaller than a standard slide 53. In particular, the slide 
apertures 80 of the lower pad 36 are approximately 0.800 inches wide and approximately 
2.20 inches in length; whereas, a standard slide 53 is approximately 1.00 inches in width 
and approximately 3.00 inches in length. Although the lower pad 36 is shown with six 

25 slide apertures 80, the invention is not so limited and any number of slide apertures 80 are 
within the scope of the invention. In addition to the slide apertures 80, a plurality openings 
82 are defined in the lower pad 36 adjacent to the slide apertures 80. Also, a plurality of 
locator apertures 84 are defined in the lower pad 36. 

Referring now to FIG. 12, there is shown a slide locator 38 of the carrier base 34. 

30 The slide locator 38 is a generally rectangular sheet approximately 7.50 inches in length, 
approximately 4.00 inches in width and approximately 0.02 inches in thickness. The slide 
locator 38 is made of stainless steel; however, any suitable material may be employed. A 
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plurality of slide apertures 86 are defined in the slide locator 38. Each of the slide apertures 
86 of the slide locator 38 are dimensioned to have substantially the same size as a standard 
slide 53. In particular, the slide apertures 86 of the slide locator 38 are approximately 1.0 
inches wide and approximately 3.0 inches in length. Although the slide locator 38 is shown 
with six slide apertures 86, the invention is not so limited and any number of slide apertures 
86 are within the scope of the invention. The slide apertures 86 in the slide locator 38 serve 
to position each slide 53 in a desired location on the carrier base 34. In addition to the slide 
apertures 86, a plurality of locator apertures 88 are defined in the slide locator 38. 

As shown in FIG. 5, to assemble the carrier base assembly 28, the slide apertures 52 
of the carrier base 34, the slide apertures 80 of the lower pad 36, and the slide apertures 86 
of the slide locator 38 are all aligned. Also, locator apertures 84 of the lower pad 36 and 
the locator apertures 88 of the slide locator 38 are aligned with the locator bores 54 of the 
carrier base 34. Locator fasteners 90, as shown in FIGs. 5 and 6, are passed through the 
locator apertures 84 in the lower pad 36, the locator apertures 88 in the slide locator 38 and 
threaded into the locator bores 54 of the carrier base 34 to secure the slide locator 38 and 
lower pad 36 to the carrier base 34. 

Male members 58 are inserted into the male member bores 56 and female members 
62 are inserted into the female member bores 60. To substantially complete the assembly 
of the carrier base 34, latch pins 70 are inserted into the latch pin bores 68, 74 of the first 
and second end walls 48, 50 such that the groove 76 of each latch pin 70 is exposed and 
directed away from the top 40 and towards the bottom 42 of the carrier base 34. 

The carrier top assembly 30 includes a carrier top 92, a top pad 94, chamber 
element 96, and a carrier clamp assembly 32 as shown in FIG. 13. A carrier top 92 is 
illustrated in FIGs. 14-17. The carrier top 92 is substantially a rectangular block 
comprising aluminum or any other suitable material. The carrier top 92 is approximately 
9.0 inches in length, approximately 4.0 inches in width, and approximately 0.40 inches in 
thickness. The carrier top 92 includes a top 98, a bottom 100, a first side wall 102, a 
second side wall 104, a first end wall 106, and a second end wall 108. The first and second 
side walls 102, 104 and the first and second end walls 106, 108 extend upwardly from the 
bottom 100 of the carrier top 92 towards the top 98 of the carrier top 92. The top 98 
includes a recess 1 10 and mounting features 1 1 1 for receiving a clamp assembly 32. A first 
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side cut 1 12 is defined in the first end wall 106 of the carrier top 92. A second side cut 1 14 
is defined in the second end wall 108 of the carrier top 92. 

A plurality of flow apertures 1 16 are defined in the carrier top 92. For a carrier 
assembly 22 having a capacity of six standard slides 53, twelve flow apertures 1 16 are 

5 defined in the carrier top 92; however, the invention is not so limited and any optimal 
number of flow apertures 1 16 are within the scope of the invention. The flow apertures 
1 16 are generally cylindrical in shape. As shown in FIG. 16 and 17, the flow apertures 1 16 
have a tapered end 118 such that the diameter of a flow aperture 1 16 at the bottom 100 of 
the carrier top 92 is approximately 0. 125 inches and the diameter of the flow aperture 116 

10 at the top 98 of the carrier top 92 is approximately 0.179 inches. 

Adjacent to each flow aperture 1 16, a chamber locator bore 120 is defined. The 
chamber locator bore 120 is designed for receiving a chamber pin (not shown) for securing 
the chamber element 96 to the carrier top 92. A plurality of pad locator bores 122 are 
defined in the bottom 100 of the carrier top 92, Also, two female-member bores 126, each 

1 5 for receiving a female member 1 28, as shown in FIG. 1 3, are defined in the bottom 1 00 of 
the carrier top 92. 

A top pad 94 is illustrated in FIG. 18. The top pad 94 is made of urethane foam for 
cushioning the slides, however, any suitable material may be employed for the top pad 94. 
The top pad 94 is substantially rectangular in shape having a length of approximately 8.25 

20 inches, a width of approximately 2.765 inches, and a thickness of approximately 0.64 

inches. A plurality of slide apertures 132 are defined in the top pad 94. The slide apertures 
132 of the top pad 94 are dimensioned slightly smaller than a standard slide 53. The top 
pad 94 further includes a plurality of pad locator apertures 1 34. 

A plurality of flow apertures 136 are also defined in the top pad 94 adjacent to the 

25 slide apertures 132. A pair of flow apertures 136 are positioned adjacent to each slide 

aperture 132 of the top pad 94. The flow apertures 136 of the top pad 94 are substantially 
coincident with the flow apertures 1 16 of the carrier top 92. In addition to the flow 
apertures 136, a plurality of chamber locator apertures 138 are formed in the top pad 94. 
Adjacent to each flow aperture 136, a chamber locator aperture 138 is defined in the top 

30 pad 94. The chamber locator aperture 1 38 is designed for receiving a fastener (not shown) 
for securing the chamber element 96 to the carrier top 92. 
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Referring now to FIGs. 19-23, there is shown a chamber element 96. The chamber 
element 96 is substantially rectangular in shape having a length of approximately 2.5 
inches, a width of approximately 1.0 inch, and a thickness of approximately 0.1 inches. 
The chamber element 96 is made from an elastomer, such as Multi-Flex TPE D 4210, or 
5 any suitable material. The surface of the chamber element can be treated by siliconizing or 
silanizing the surface to increase its hydrophilic properties. The chamber element 96 is 
disposable after each operation. The chamber element includes an inner surface 140, an 
outer surface 142, a first side 144, a second side 146, a first end 148, a second end 150, a 
first orifice 1 52, a second orifice 154, a first chamber locator aperture 156, a second 
1 0 chamber locator aperture 1 58, a raised portion 1 60, a plurality of ridges 1 62, and a ledge 
164. 

The first orifice 152 is located proximately to the first end 148 of the chamber 
element 96. The second orifice 154 is located proximately to the second end 150 of the 
chamber element 96. Illustrated in FIG. 23, there is shown a detailed view of the first 

1 5 orifice 1 52. Since the geometry of the first and second orifices 1 52, 1 54 are the 

substantially the same, only the first orifice 152 will be described. The first orifice 152 
includes a first taper 166 wherein the diameter of the orifice is approximately 0.08 inches at 
the inner surface 140 and approximately 0.045 inches at a location interior to the chamber 
element 96. The first taper 1 66 has a radius of curvature of approximately 0. 1 5 inches. 

20 The first taper 166 helps control fluid flow towards the inner surface 140. The first taper 
166 is integral with a second taper 168 that is located within the chamber element 96. The 
second taper 168 has a radius of curvature of approximately 0.05 inches. The second taper 
168 provides an interface for sealing with the needle assembly. The needle assembly will 
be described in more detail below. An annular portion 1 70 of the first orifice 1 52 is located 

25 adjacent to the second taper 1 68. The annular portion 1 70 has a diameter of approximately 
0.065 inches. The first orifice 1 52 further includes a third taper 1 72 located adjacent to the 
annular portion 170. The third taper 1 72 is linear wherein the diameter of the third taper is 
approximately 0.065 at a location adjacent to the annular portion 170 and approximately 
0.085 at the outer surface 142. The third taper 172 helps guide the needle assembly into the 

30 first orifice 1 52 such that if the needle assembly is not exactly aligned with the first orifice 
152, the third taper 172 will direct the needle assembly into the first orifice 152. Although 
the first and second orifices 1 52, 1 54 are shown having three tapers 1 66, 1 68, 1 72 and a 

10 
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single annular portion 170, the invention is not so limited. The first and second orifices 
152, 154 serve as inlet and/or outlet ports for fluids. As seen in FIG. 23, the first orifice 
152 projects outwardly from the outer surface 142 by a distance of approximately 0.03 
inches. 

5 To allow the chamber element 96 to be secured to the carrier top 92, the first and 

second chamber locator apertures 156, 158 are formed in the chamber element 96. The 
first chamber locator aperture 1 56 is substantially circular and is located between the first 
orifice 152 and the first end 148. The second chamber locator aperture 158 is slightly 
elongated in shape so as to form a slot and is located between the second orifice 154 and 

10 the second end 150. The first chamber locator aperture 156 serves to locate the chamber 
element 96 on the carrier top 92 and the second chamber locator aperture 1 58 provides 
some tolerance accommodation to allow the chamber element 96 to locate on the carrier top 
92. 

The chamber element 96 further includes a raised portion 160 extending from the 

15 inner surface 140. The raised portion 160 of the inner surface 140 defines an interior 1 74. 
The interior 174 is defined by the raised portion 160, and a portion of the inner surface 140 
of the chamber element 96 that is encompassed by the raised portion 160. As shown in 
FIG. 19, the raised portion 160 is a continuous rib 176 integrally formed with the inner 
surface 140. Although FIG. 19 illustrates one continuous rib 176, the invention is not so 

20 limited such that at least one rib 1 76 may be formed and, furthermore, the raised portion 
need not define a rib 1 76. 

The rib 176 is raised and projects outwardly from the inner surface 140 a distance 
of approximately 0.005 inches. When the chamber element 96 is positioned against an 
examination surface such as a standard slide 53, the rib 176 of the chamber element 96 

25 forms a continuous chamber wall. The inner surface 140 of the chamber element 96 that is 
encompassed by the rib 176 forms a top of a chamber and the surface of the slide 53 that is 
encompassed by the rib 176 forms the bottom of the chamber. The rib 176 itself forming 
the side wall of the chamber. 

As can be seen in FIG. 19, the rib 176 includes two opposing substantially parallel 

30 sides~a first side 178 and a second side 180. The rib 176 also includes two opposing 
substantially parallel ends— a first end 182 and a second end 184. The first and second 
sides 178, 180 and the first and second ends 182, 184 are interconnected at curved corners 
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186. The first end 182 of the rib 176 is proximate to the first end 148 of the chamber 
element 96 and the second end 184 of the rib 176 is proximate to the second end 150 of the 
chamber element 96. The continuous rib 176 encompasses both the first and second 
orifices 152, 154 such that the first end 182 of the rib 176 encompasses the first orifice 152 
5 and the second end 1 84 of the rib 1 76 encompasses the second orifice 1 54. The first end 
182 of the rib 176 includes a first jog region 188 wherein the first orifice 152 is positioned 
so as to be seated in the first jog region 188. The second end 184 of the rib 176 includes a 
second jog region 190 wherein the second orifice 154 is positioned so as to be seated in the 
second jog region 190. The first and second orifices 152, 154 may be partially seated in the 

1 0 first and second jog regions 1 88, 1 90, respectively. 

Still referencing FIG. 19, four ridges 162 are formed on the inner surface 140 of the 
chamber element 96 and are integrally formed therewith. Two of the ridges 162 are located 
between the first end 182 of the rib 176 and the first end 148 of the chamber element 96 
and two of the ridges 162 are located between the second end 184 of the rib 176 and the 

1 5 second end 1 50 of the chamber element 96. However, any number of ridges 1 62 may be 
employed. The ridges 162 serve as stops to limit the downward travel of the chamber 
element 96 when force is applied to sealingly engage the rib 172 to the slide 53. 

A ledge 164 is defined adjacent to the first end 148 of the chamber element 96. The 
ledge 164 is a recessed portion of the chamber element 96. The ledge 164 is designed to 

20 clear a bar code label (not shown) that is usually placed on the end of the slide 53. 

To assemble the carrier top assembly 30, first, the carrier clamp assembly 32 is 
placed in the recess 1 10 of the carrier top 92. Fasteners are used to secure the carrier clamp 
assembly 32 and the carrier top 92. 

Referring now to FIGs. 24 and 25, there is shown a carrier clamp assembly 32. The 

25 carrier clamp assembly 32 includes a block 194, a first hook assembly 196, and a second 
hook assembly 198. The block 194 is dimensioned such that it fits into the recess 1 10 of 
the carrier top 92. The block 194 includes fastener features 1 13, a first pair of bores 200 
for securing the first hook assembly 196 to the block 194 and a second pair of bores 202 for 
securing the second hook assembly 198. The block 194 is secured to the carrier top 92 via 

30 fastener features 1 13 in block 1 94 and fastener features 1 1 1 in the carrier top. Because the 
construction of the first hook assembly 196 is substantially the same as the second hook 
assembly 198 only the first hook assembly 196 will be described. 
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As shown in FIG. 25, the first hook assembly 196 includes a base element 204, a 
linkage 206, a pivot 208, a hook 210, and a lever 212. The base element 204 is inserted 
into the block 194 and secured thereto with fasteners 214 passed through the first pair of 
boxes 200. The base element 204 is rotatably coupled to the linkage 206 and the lever 212 
is connected to the linkage 206. The pivot 208 is pivotally coupled to the linkage 206 and 
the hook 210 is connected to the pivot 208. 

The top pad 94 is placed on the carrier top 92 and into the pad recess 1 30 such that 
the pad locator apertures 134 of the top pad 94 are aligned with the pad locator bores 122 of 
the carrier top 92. Fasteners 192 are passed through the pad locator apertures 134 and into 
the pad locator bores 122 to secure the top pad 94 to the carrier top 92. After the top pad 
94 is secured to the carrier top 92, the flow apertures 136 of the top pad 94 and the flow 
apertures 1 16 of the carrier top 92 will be in alignment, and the chamber locator bores pins 
and the chamber locator apertures 138 of the top pad 94 will be in alignment. Then, the 
chamber elements 96 are pressed onto the pins. Female members 128 are inserted into the 
female-member bores 1 26 of the carrier top 92. 

An assembled carrier 22 assembly is shown in FIGs. 4 and 5. Assembly of the 
carrier assembly 22 will now be discussed. Slides 53 are inserted into the slide apertures 
86 of the slide locator 38. The carrier assembly 30 and the carrier base assembly 28 are 
joined such that the male members 58 of the carrier base 28 are mated with the female 
members 128 of the carrier top assembly 30. 

Once the carrier top assembly 30 and carrier base assembly 28 are joined, the 
hooks 210 of the first and second hook assemblies 196, 198 are latched over the latch pins 
70 of the carrier base assembly 28 and then the levers 212 are rotated to join the carrier top 
assembly 30 and the carrier base assembly 28 together. With the carrier top assembly 30 
and the carrier base assembly 28 joined together, the raised portion 1 60 of the chamber 
element 96 engages the examination surface or slide 53 such that a chamber is formed. A 
seal is formed between the chamber element 96 and the slide 53 as a result of the pressure 
applied on the slide 53 by the chamber element 96 such that liquid may not escape across 
the interface between the chamber element 96 and slide 53. Although a pressure seal is 
disclosed, a seal employing adhesive may also be employed. 

The chamber that is formed is defined by the raised portion 160, the inner surface 
140 of the chamber element 96 that is encompassed by the raised portion 160, and the 

13 



WO ©1/32934 PCT/U§(«<}11899 

surface area of the slide 53 that is encompassed by the raised portion 160. The raised 
portion 160 or rib 176 forms the side wall of the chamber. The inner surface 140 of the 
chamber element that is encompassed by the raised portion 160 forms a top of the chamber. 
The surface area of the slide 53 that is encompassed by the rib 176 or raised portion 160 
5 forms a base of the chamber. The ridges 162 of the chamber element 96 may also engage 
the examination surface or slide 53 to serve as a stop to prevent further travel of the 
chamber element 96 towards the slide 53 so as to prevent collapse of the chamber. The 
inner surface 140 of the chamber element 96 that is encompassed by rib 176 or raised 
portion 160 is spaced from the slide surface by a distance of approximately 0.0034 inches 
10 and the resulting chamber volume is approximately 125 jjI. 

The wash station assembly 12 with the carrier assembly 22 removed is depicted in 
FIG. 26. After the carrier assembly 22 is assembled, it is ready to be inserted into the wash 
station assembly 12. 

The needle assembly 24 is shown in FIG. 27. The needle assembly 24 includes a 

15 needle frame 216, a plurality of needle systems 218, and at least one cover plate 220. 

Referring now to FIG. 28, there is shown a needle frame 216. The needle frame 
216 includes at least one horizontal travel slide (not shown), a plurality of needle apertures 
224, needle cover supports 226, and a plurality of needle cover apertures 228. The 
horizontal travel slide 222 is mounted to the frame structure 26 so as to permit horizontal 

20 movement of the needle frame 216. 

Referring now to FIGs. 27-33, each of the needle systems 218 depicted in FIG. 27 
includes a guide pin 230, a guide pin spring 23 1, a wash needle spring 232, and a needle 
tube 234. As shown in FIG. 29, the needle tube 234 is substantially cylindrical in shape 
and includes a first end 236 that is tapered and a second end 238. A fluid passage 240 is 

25 defined within the needle tube 234. The needle tube 234 also includes a tube stop 242. As 
shown in FIGs. 30 and 3 1 , the guide pin 230 is generally cylindrical having a passage 244 
dimensioned for receiving the needle tube 234. The guide pin 230 includes a first end 246, 
a second end 248, a first portion 250, and a second portion 252. The first portion 250 has a 
diameter that is smaller relative to the diameter of the second portion 252 of the guide pin 

30 230. The first end 246 is tapered and a recess 254 dimensioned for receiving the guide pin 
spring 23 1 . 
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Each of the needle systems 21 8 is assembled by inserting the needle tube 234 into 
the passage 244 of the guide pin 230 such that the needle tube stop 242 abuts the recess 254 
of the guide pin 230. The needle systems 21 8 are then inserted into the needle apertures 
224 of the needle frame 216. The wash needle spring 232 is then added over the needle 
5 tube 234 and abuts the needle tube stop 242. The guide pin spring 23 1 is then generally 
placed around the needle tube 234. The cover plate 220 is substantially a rectangular plate 
having a plurality of needle apertures 256 and at least one cover plate aperture 258. The 
cover plate 220 is placed over the needle systems 218 such that the needle tubes 234 pass 
through the needle apertures 256 in the cover plate 220. The cover plate 220 is attached to 

1 0 the needle frame 2 1 6 with fasteners. Although two cover plates 220 are shown in FIG. 27, 
the invention is not so limited. 

The frame structure 26 is seen in FIGs. 3 and 34. The frame structure 26 includes a 
horizontal travel rail 260, a vertical travel rail 262, a base frame 264, a handle 266, and a 
shield 268. The shield 268 and handle 266 are connected to the horizontal travel rail 260. 

1 5 The horizontal travel rail 260 is connected to the vertical travel rail 262 which is connected 
to the base frame 264. The base frame 264 includes a heating/cooling platform 270, a 
carrier assembly platform 272, a wash tip drain 274, a carrier assembly lock 276, and a 
wash assembly lock 278. 

The needle frame 216 is mounted to the frame structure 26 such that the horizontal 

20 travel slide (not shown) of the needle frame 216 engages the horizontal travel rail 260 such 
that the needle frame 216 can be moved horizontally along the horizontal travel rail 260. 
Rail 260 attached to the vertical travel rail 262 allows vertical travel of assembly. 

The carrier assembly 22 is located on the carrier assembly platform 272 and may be 
locked in position with the carrier assembly lock 276. This position has the carrier 

25 assembly 22 down and in contact with the heating/cooling platform 270. The needle 

assembly 24 is moved along the horizontal rail 260 to a position wherein the guide pins 230 
of the needle assembly 24 are substantially aligned with the flow apertures 1 16 of the 
carrier top 92. The needle assembly 24 is then moved vertically down towards the carrier 
assembly 22. As the needle assembly 22 is lowered, the guide pins 230 contact the carrier 

30 top 92. The guides pins 230 direct the position of the needle tubes 234 relative to the 

carrier top 92. The tapered first end 246 of the guide pin 230 together with the tapered end 
1 1 8 of the flow aperture 1 1 6 of the carrier top 92 guide the needle tube 234. As the needle 
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assembly continues towards the carrier assembly 22, the needle tubes 234 enter the orifices 
152, 154 of the chamber elements 96 and the needle tubes 234 seal against the orifices 152, 
154 of the chamber elements 96. When positioned, the wash station assembly 12 is locked 
into position with the wash assembly lock 278. When the wash assembly lock 278 is 
5 disengaged and the needle assembly 24 is moved upwards along the vertical rail 262 and 
then horizontally along the horizontal rail 260. The needle tubes 234 are free to drip fluid 
into the wash tip drain 274. If the carrier assembly lock 276 is disengaged, the carrier 
assembly 22 may be removed from the wash station if desired. 

Referring now to FIGs. 1 and 35, there is shown one variation of a fluid delivery 

10 system 14 that can be employed with the wash station assembly 12 of the present invention. 
The fluid delivery system 14 delivers various fluids such as a wash fluid and a sample 
containing fluid, to and from the carrier assembly 22. A schematic of the fluid delivery 
system 14 is shown in FIG. 35. The fluid delivery system 14 includes a plurality of fluid 
reservoirs 280, at least one pump 282 for moving fluid, a valve system 284, needle system 

15 2 1 8, a waste manifold 286, and a waste reservoir 288 . 

As shown in FIG. 35, the fluid reservoirs 280 or fluid sources are fluidly connected 
to a valve system 284. The valve system includes one or more valves 292 and a manifold 
290 for directing one or more different fluids to the chamber. The valve system 284 may 
be coupled to a controller and the valves 292 may be adjusted manually or automatically. 

20 The valve system 284 allows for selectively connecting one or more fluid reservoirs 280. 
For example, for washing, a selected valve 292 may be opened to provide a fluid 
connection. Although multiple independent valves 292 in combination with a manifold are 
illustrated in FIG. 35, multi-port distribution valves may be employed. Fluid from the fluid 
reservoirs 280 passes via tubing into a manifold 290. From the manifold 290, fluid is 

25 directed to a first set of pumps 296 and to a second set of pumps 298. Each of the first and 
second set of pumps 282 is shown to have six pumps 282; however, the invention is not so 
limited and any number of pumps 282 may be employed. Fluid from the first set of pumps 
296 is directed via tubing 294 to the needle assembly 24 of the first wash station assembly 
12. Fluid from the second set of pumps 298 is directed via tubing to the needle assembly 

30 24 of the second wash station assembly 12. Although syringe pumps, such as the Cavrd 

model XP 3000 syringe pump, are illustrated in FIG. 35, a number of different pump types, 

16 



WO 0V32M4 



PCT/USW41899 



such as peristaltic pumps and diaphragm pumps, may be used to deliver fluids to the 
chamber. 

Generally, fluid from the needle assembly 24 enters each chamber via the first 
orifice 152 and exits the chamber via the second orifice 1 54. Fluid from the chamber 
enters a waste manifold 286 via tubing and is directed towards a waste reservoir 288 via a 
first waste pump 300. Although a diaphragm pump is illustrated, a number of different 
pump types may be employed. 

Still referencing FIGs. 1 and 35, a sample delivery system 16 includes a microwell 
plate 302, a sample pump 304, a sample tip 306, a sample tip wash station 308, and an 
automated arm 310. Sample to be delivered to the chamber is located in each microwell 
312 of the microwell plate 302 that serves as a fluid source. 

Sample from the microwell plate 302 is drawn by the sample tip 306. The sample 
tip 306 is in fluid communication with the sample pump 304. As shown in FIG. 35, a 
syringe pump is used, however, any suitable pump may be employed. The sample pump 
304 may be fluidly connected to one or more fluid reservoirs 280 via a valve 3 14. The 
sample tip 306 is automatically directed to and from the microwell plate 302 as well as to 
and from the sample tip wash station 308 by the automated arm 3 1 0. The automated arm 
310 is controlled by a controller (not shown) such as a process controller 20 to draw sample 
from appropriate microwells 312 and deliver sample to one or more chambers. The 
automated ami 3 1 0 is automated to move the sample tip 306 vertically and horizontally as 
directed by the controller. Also provided is a sample tip wash station 308 wherein the 
sample tip 306 can be substantially flushed clean. The sample tip wash station 308 is 
fluidly connected to a waste reservoir 288 via a pump 3 1 6. 

The hybridization station 10 includes a temperature control system 18. The 
temperature control system 1 8 operates to maintain the temperature within the 
hybridization chamber 1 0 at optimized levels according to a preselected temperature 
profile. The temperature control system 18 generally monitors and controls the 
temperature of the various fluids delivered to the chamber. 

For example, the temperature of sample in the microwell plate 302 is controlled by 
the temperature control system 18. A desired temperature is maintained within the 
microwell plate 302 by thermal exchange across the microwell plate 302 and a temperature 
control block 3 1 8 against which the microwell plate 302 is placed as shown in FIG. 35. 
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Adjacent to the temperature control block 3 1 8 is at least one Peltier heater/cooler 320 and a 
fan-cooled heat sink 322. These Peltier heater/coolers 320 are in thermal communication 
with the sample in the microwell plate 302. 

Also, the temperature of the chamber is maintained at a desired temperature by the 
5 temperature control system 18 via a heating/cooling assembly 324 that is located on the 
heating/cooling assembly platform 270 adjacent to the carrier assembly 22. The 
heating/cooling assembly 324 includes a temperature control block 326, a Peltier 
heater/cooler 328, and a heat sink 330, as shown in FIGs. 2, 3, and 26. A desired 
temperature is maintained within the chamber by thermal exchange across the carrier 
10 assembly 22 and the temperature control block 326. The Peltier heater/cooler 328 is shown 
to be adjacent to a fan-cooled heat sink 330 and is in thermal communication with the 
chamber. 

The fluid delivery system 14 also includes temperature control elements 322 
controlled by the temperature control system 18 for maintaining a desired temperature of 

15 the fluids delivered to the chamber of the carrier assembly 22. The temperature of the fluid 
can be controlled in different ways. For example, as shown in FIG. 35, temperature control 
elements 322, such as fluid heaters, are located adjacent to tubing at a location just prior to 
the carrier assembly 22. Any number of fluid heaters/coolers, controlled by the 
temperature control system 18, may be employed along and in thermal communication with 

20 the fluid path to maintain the desired fluid temperature. Furthermore, at least one precision 
temperature sensor (not shown) is embedded close to the chamber or other locations to 
provide accurate temperature control. 

The hybridization station 10 also includes a process controller 20 for automatically 
carrying out the various steps involved in hybridization. The process controller 20 

25 generally controls and monitors the hybridization station 10 including the fluid delivery 

system 14, the sample delivery system 16, and the temperature control system 18 according 
to a preprogrammed set of instructions. This generally involves delivering sample and/or 
wash fluids to the hybridization chamber at selected times during a hybridization operation 
and controlling the temperature of the hybridization chamber according to a selected 

30 temperature profile. 

Process control is generally carried out by an onboard processor contained within 
the hybridization station 10 itself. The onboard processor is typically appropriately 
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programmed to operate the above described systems according to an input set of process 
parameters. Specifically, the processor operates to provide appropriate instructions to each 
of the elements of the hybridization station 10 according to a pre-selected 
time/temperature/mixing profile/flow rate selected by the user including pump or valve 
operation, temperature control system operation, etc. Alternatively, the process parameters 
may be input by the user into a computer that is connected to the hybridization station. 
Custom software controls allow modifications of the mixing protocol. 

The hybridization station is operated to deliver reagents, samples, buffer and wash 
solutions to the hybridization chamber, and to maintain optimal reaction conditions, e.g., 
temperature and mixing, within the hybridization chamber for a preselected time or number 
of cycles. Operation of the hybridization chamber begins with the insertion of at least one 
micro-arrayed slide into the slide locator 38 of the carrier base assembly 28. The carrier 
top assembly 30 and carrier base assembly 28 are joined, as previously described, and the 
carrier assembly 22 is positioned atop the carrier assembly platform 272. Positioning the 
carrier assembly 22 onto the carrier platform 272 automatically aligns the carrier assembly 
22 for subsequent operations by virtue of the inclusion of alignment structures on the frame 
structure 26 as well as the carrier assembly 22. 

With the carrier assembly 22 secured in the frame structure 26, a solution 
containing a target nucleic acid is automatically delivered from the microwell plate 302 to 
the hybridization chambers with the sample tip 306 being directed by the automated arm 
310 controlled by the process controller 20. Typically, the solution containing target 
nucleic acid incorporates a fluorescent label for subsequent detection. 

The process controller 20 can be pre-programmed to follow any number of wash 
protocols. If, for example, the first solution to be delivered to the chamber after 
hybridization is a buffer solution, the needle assembly 24 is lowered along the vertical rail 
262 until the needle systems 218 engage the chamber element 96 and pumps 282 deliver 
the initial solution to the hybridization chamber via the first set of orifices 152 of the 
chamber elements 96. The rate at which fluid is pumped into and out of the chamber is 
controlled to avoid the formation of air bubbles within the chamber. The rate at which 
fluid is pumped into the chamber is approximately 25^1/second. This rate can vary 
between approximately 6fxl/second to approximately 100 ^1/second. The rate at which 
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fluid is pumped from the chamber can vary between 6^1/second to approximately 100 
fil/second. The chamber is filled for a set time period. 

The carrier assemblies 22 may be removed from the hybridization station 10 to be 
placed in a humidity controlled incubator at a temperature of approximately 40° C 
Alternatively, the carrier assemblies may remain in the hybridization station 10 while the 
chambers are incubated on the hybridization station 10, or the entire station 10 could be 
incubated. Once the carrier assemblies 22 are removed from the hybridization station 10, 
the hybridization station is free for inserting additional carrier assemblies 23. This method 
of removing at least one carrier assembly 22 from the hybridization station 10 and then 
inserting at least one other carrier assembly 22 greatly expedites the hybridization process 
and is made possible by the removable carrier assembly 22. Although the station 10 is 
referred to as a hybridization station 10, it is not so limited, that is, actual hybridization 
does not necessarily have to take place within the station 1 0. For this reason, the 
hybridization station 10 of the instant invention may be interchangeably and equally 
appropriately called a fluidics station. Whether the station 10 is called a hybridization 
station 10 or a fluidics station is not limiting with respect to whether hybridization actually 
takes place within the station 10. 

Once removed from the hybridization station 10, the carrier assembly 22 is 
maintained at an appropriate temperature and time period for the particular hybridization 
reaction. Appropriate time periods can vary widely depending on the hybridization 
protocol and are generally long periods of time typically in excess of twelve hours. 
Appropriate temperatures are generally in the range of acceptable biological temperatures 
such as approximately 30° C to approximately 40° C, but will often vary from this range, 
depending upon the reaction being performed, or the nature of the species involved in the 
hybridization. 

Although static hybridization reactions may be performed in the hybridization 
chamber, it is sometimes preferred to provide agitation or mixing within the hybridization 
chamber to ensure contact between target molecules and probes on the array. The 
consequences of inadequate mixing include slower binding rates of the target to the array 
and possibly lower overall fluorescence signals if the hybridization reaction does not reach 
equilibrium by the end of the incubation period. Accordingly, mixing can be provided in a 
variety of ways including mechanical mixing, rocking mixing, and push-pull mixing. For 
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example, a "drain and fill" operation can also be performed. This operation involves 
repeated draining and filling of the hybridization chamber with the sample. In operation, 
once the chamber is initially filled, the "drain and fill" operation involves the reversal of 
the pump which draws the sample out of the hybridization chamber. During this operation, 
5 the sample is either being returned to its reservoir or is retained in the volume of the tubing. 
Thus, little or no sample volume is lost during this operation. Mixing can also be provided 
by push and pull mixing wherein the chamber is pushed in a horizontal direction and then 
pulled back in the opposite but horizontal direction. 

Following hybridization for a preselected time period, the carrier assembly 22 is 

10 returned to the hybridization station 10 for a wash process. The needle assembly 24 is 

lowered such that the needle systems 218 engage and seal against the chamber element. In 
the wash process, the hybridization station 10 will typically deliver a wash solution, and/or 
buffer to the hybridization chamber, to rinse substantially all of the solution containing 
sample from the chamber. Pumps 282 are activated and wash and/or buffer is delivered 

1 5 from the appropriate valved reservoirs 280 into the hybridization chamber via first orifices 
1 52 in the chamber element and out of the hybridization chamber via the second set of 
apertures in the chamber elements 96 for example. Washing the hybridization chamber 
avoids any difficulty associated with background fluorescence that can impede clear and 
accurate determinations of hybridization. Wash steps will typically be repeated as desired, 

20 to sufficiently reduce or eliminate any remaining, unhybridized target. Typically, the wash 
steps will be repeated from two to ten times. 

Following washing, the carrier assembly 22 is removed from the hybridization 
station 10 and opened by removing the carrier top. The slides 53 are also removed. The 
slides 53 may be dipped in a final water bath, dried and transferred to a reader/scanner 

25 device to identify the locations on the array to which the target hybridized. 

The hybridization station 10 can be utilized to load sample-containing solution into 
the chambers, incubate the slide arrays, perform limited mixing if necessary, and wash the 
slide arrays without removal of the carrier assembly from the hybridization station 10. In 
one variation, the hybridization station 10 can be utilized to load sample-containing 

30 solution into the chambers and perform all of the functions except incubation in the 
hybridization station 10 wherein the carrier assembly would be removed from the 
hybridization station 10 for the incubation process. After incubation, the carrier assembly 
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22 would be returned to the hybridization station 10 for washing the slides 53. Significant 
cost savings and greater throughput can be realized with the above variation in comparison 
with prior art devices. 

While the present invention has been described with reference to one or more 
particular variations, those skilled in the art will recognize that many changes may be made 
thereto without departing from the spirit and scope of the present invention. Each of these 
embodiments and obvious variations thereof are contemplated as falling within the spirit 
and scope of the claimed invention, which is set forth in the following claims. 
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CLAIMS 

What is claimed is: 

1 . A chamber comprising: 
an examination surface; 

a chamber element having an inner surface and a raised portion defining an interior, 
the raised portion extending from the inner surface; 

the chamber being formed by the chamber element contacting the examination 
surface such that the raised portion engages the examination surface, the chamber being 
defined by the examination surface and the interior; the inner surface of the interior being 
spaced from the examination surface. 

2. The chamber of claim 1 wherein the raised portion is at least one rib. 

3. The chamber of claim 2 wherein the at least one rib is continuous. 

4. The chamber of claim 1 wherein the raised portion is integrally formed with 
the chamber element. 

5. The chamber of claim 1 wherein the raised portion is continuous. 

6. The chamber of claim 1 wherein the examination surface is a slide. 

7. The chamber of claim I wherein the raised portion is at least approximately 
0.002 inches in height when relaxed. 

8. The chamber of claim 1 wherein the raised portion is at least approximately 
0.002 inches when pressed against the examination surface. 

9. The chamber of claim 1 wherein the raised portion is adapted to sealingly 
engage the examination surface. 

10. The chamber of claim 1 wherein chamber element further includes an outer 
surface and a first orifice extending between the outer surface and the inner surface, the 
raised portion encompassing the first orifice. 
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1 1 . The chamber of claim 1 0 wherein the first orifice includes a first taper, the 
first taper opening to the inner surface. 

12. The chamber of claim 10 wherein the first orifice is adapted to receive a 
needle tube at the outer surface, the first orifice and the needle tube being adapted to 
engage to form a sealing interface. 

1 3 . The chamber of claim 1 wherein the interior is substantially rectangular in 

shape. 

14. The chamber of claim 1 0 wherein the interior includes a first end and a 
second end, the first orifice being located at the first end adjacent to the raised portion. 

15. The chamber of claim 14 wherein the raised portion includes a first jog 
region, the first orifice being substantially seated in the first jog region. 

1 6. The chamber of claim 1 5 wherein the first jog region is substantially 
centrally located along the first end. 

1 7. The chamber of claim 14 wherein the chamber element further includes a 
second orifice extending between the outer surface and the inner surface, the raised portion 
encompassing the second orifice. 

1 8. The chamber of claim 1 7 wherein the second orifice includes a first taper, 
the first taper opening to the inner surface. 

19. The chamber of claim 17 wherein the second orifice is adapted to receive a 
needle tube at the outer surface, the second orifice and the needle tube being adapted to 
engage to form a sealing interface. 

20. The chamber of claim 17 wherein the second orifice is located at the second 
end adjacent to the raised portion. 

21 . The chamber of claim 20 wherein the raised portion includes a second jog 
region, the second orifice being substantially seated in the second jog region. 
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22. The chamber of claim 2 1 wherein the second jog region is substantially 
centrally located along the second end. 

23. The chamber of claim 1 wherein the chamber element includes at least one 
aperture for receiving at least one fastener. 

24. The chamber of claim 1 wherein the chamber element includes at least one 
ridge extending from the inner surface, the ridge being adapted to prevent the raised portion 
from collapsing under pressure. 

25. The chamber of claim 1 further including a carrier top, the chamber element 
being connected to a carrier top. 

26. The chamber of claim 25 further including a top pad located between the 
chamber element and the carrier top. 

27. The chamber of claim 25 further including a carrier bottom, the examination 
surface being located the carrier bottom. 

28. The chamber of claim 27 wherein the carrier top and carrier bottom are 
joined to engage the chamber element and the examination surface. 

29. The chamber of claim 28 further including a clamp, the carrier top and 
carrier bottom being joined by the clamp. 

30. A carrier comprising: 

at least one chamber, the chamber being formed by a chamber element contacting 
an examination surface, the chamber element having an inner surface and a raised portion 
extending from the inner surface, the inner surface of the chamber element that is 
encompassed by the raised portion being spaced from the examination surface by the raised 
portion. 

3 1 . The carrier of claim 30 wherein the examination surface is a slide. 
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32. The carrier of claim 30 wherein the inner surface of the chamber element 
that is encompassed by the raised portion is spaced from the examination surface by a 
distance of approximately 0.002 inches. 

33 . The carrier of claim 30 wherein the chamber element includes at least one 

orifice. 

34. The carrier of claim 33 wherein the carrier is removably insertable into a 
wash station assembly. 

35. The carrier of claim 34 wherein the wash station assembly includes a needle 
assembly, the needle assembly being adapted to engage the carrier such that the at least one 
chamber of the carrier is in fluid communication with at least one fluid source. 

36. The carrier of claim 35 wherein the needle assembly includes at least one 
needle system, the needle system including a guide pin and a needle tube, the guide pin 
having a passage for receiving the needle tube, the needle tube being inserted into the 
passage of the guide pin, the needle tube having a fluid passage. 

37. The carrier of claim 36 wherein the needle assembly further includes a 
frame, a cover plate connected to the frame, and a spring, the guide pin being located in the 
frame, the needle tube being located in the guide pin, the spring being disposed around the 
needle tube and between the guide pin and the cover plate such that when the guide pin 
engages the carrier the needle tube projects outwardly from the guide pin to engage the 
chamber element. 

38. The carrier of claim 37 further including a locator spring disposed between 
the cover plate and guide pin. 

39. A method comprising: 

providing a station having a carrier, a wash station, the carrier being removably 
insertable into the wash station; 

loading at least one slide having sample coupled to an examination surface into the 

carrier; 
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providing a chamber element, the chamber element being disposed in the carrier, 
the chamber element having an inner surface and a raised portion extending from the inner 
surface, the chamber element having at least one orifice; 

locating at least one chamber element over the at least one slide to form a chamber 
5 such that the raised portion contacts the slide and the inner surface that is encompassed by 
the raised portion is spaced from the examination surface, the raised portion contacting the 
slide such that fluid does not cross the raised portion; 

loading the carrier into the wash station; and 

injecting fluid into the chamber through the at least one orifice. 

10 40. The method of claim 39 wherein the step of injecting fluid into the chamber 

includes providing at least one needle tube and at least one fluid source; the at least one 
needle tube being in fluid communication with the at least one fluid source. 

41 . The method of claim 40 wherein the step of injecting fluid into the chamber 
includes the step of injecting fluid through via the at least one needle tube, the at least one 

15 needle tube being in fluid communication with at least one fluid source, the at least one 
fluid source being at least one microwell plate. 

42. The method of claim 40 wherein the step of injecting fluid further includes 
providing an automated arm for directing the at least one needle tube. 

43. The method of claim 40 wherein the step of providing at least one needle 
20 tube and at least one fluid source includes providing a guide pin, a spring, a frame, and 

cover plate connected to the frame, the needle tube being disposed in the guide pin, the 
guide pin being located in the frame, the spring being disposed around the needle tube and 
between the guide pin and cover plate such that when the guide pin engages the carrier the 
needle tube projects outwardly from the guide pin to engage the chamber element 

25 44. The method of claim 43 further including the step of removing fluid from 

the chamber through via the at least one orifice. 

45. The method of claim 39 further including the step of controlling the 
temperature of the fluid. 
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46. The method of claim 45 wherein the step of controlling the temperature of 
the fluid includes providing at least one heating/cooling element. 

47. The method of claim 46 wherein the step of providing at least one 
heating/cooling element includes providing at least one heating/cooling element in thermal 
communication with the fluid. 

48. A method comprising: 

inserting at least one first carrier into a station, the at least one first carrier having at 
least one chamber; 

injecting a solution into the at least one chamber of the first carrier; 

removing the at least one first carrier from the station to free the station for 
receiving at least one second carrier, the at least one second carrier having at least one 
chamber; and 

inserting the at least one second carrier into the station. 

49. The method of claim 48 wherein the solution contains assayed nucleic acid. 

50. The method of claim 48 wherein the solution is a wash solution. 

5 1 . The method of claim 48 farther including the step of removing solution from 
the at least one chamber of the first carrier, 

52. The method of claim 48 further including the step injecting the at least one 
chamber of the second carrier with solution. 

53. The method of claim 52 farther including the step of removing solution from 
the at least one chamber of the second carrier. 

54. A carrier removably inseitable into a station comprising: 

at least one chamber, the chamber having a first surface and a second surface, the 
second surface having a side wall extending from the second surface, the side wall of the 
second surface contacting the first surface and encompassing sample coupled to the first 
surface, a portion of the second surface that is encompassed by the side wall being spaced 
from the first surface. 
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55. The carrier of claim 54 wherein the first surface is a slide 

56. The carrier of claim 54 wherein the second surface is at least one material 
selected from the group consisting of: metal, plastic, ceramic, or composites thereof. 

57. The carrier of claim 54 wherein the second surface includes a hydrophilic 
surface treatment. 

58. The carrier of claim 54 wherein the second surface further includes at least 
one orifice. 

59. The carrier of claim 58 wherein the at least one orifice is adapted to engage 
at least one flow tube for the delivery of fluid. 

60. The carrier of claim 54 further including a carrier top and a carrier bottom, 
the first surface being disposed in the carrier bottom, the second surface being disposed in 
the carrier top. 

61 . The carrier of claim 54 wherein the side wall is a raised portion extending 
from the second surface. 

62. The carrier of claim 54 wherein the side wall is integral with the second 
surface. 

63. The carrier of claim 54 wherein the side wall is continuous. 

64. The carrier of claim 54 wherein the side wall is a rib. 

65. The carrier of claim 54 wherein the second surface further includes at least 
one raised stop. 

66. The carrier of claim 54 wherein the sidewall is at least approximately 0.002 
inches in height. 

67. The carrier of claim 54 wherein the at least one chamber has a volume of at 
least approximately 0.03 cm 3 . 
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68. A hybridization station comprising: 
at least one wash station assembly; 

a fluid delivery system coupled to the wash station assembly; 
a sample delivery system adapted for fluid communication with the wash station 
assembly; 

a temperature control system in thermal communication with the wash station 
assembly; and 

a controller coupled to the fluid delivery system 

69. The hybridization station of claim 68 wherein the wash station assembly 
includes: 

a frame structure; 

a carrier removably insertable into the frame structure; and 
a needle assembly coupled to the frame structure. 

70. The hybridization station of claim 69 wherein the carrier includes: 
a carrier top; and 

a carrier base joined to the carrier top. 

71 . The hybridization station of claim 70 wherein the carrier top and the carrier 
base are joined by a clamp. 

72. The hybridization station of claim 70 wherein the carrier base includes a 
slide locator connected to the carrier base. 

73. The hybridization station of claim 72 wherein the carrier base further 
includes a lower pad located between the slide locator and the earner base. 

74. The hybridization station of claim 72 wherein the slide locator includes a 
plurality of slide apertures each adapted to receive a slide. 

75. The hybridization station of claim 70 wherein the carrier top includes: 
at least one aperture; and 

at least one chamber element connected to the carrier top. 
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76. The hybridization station of claim 75 wherein the carrier top assembly 
further includes a top pad located between the chamber element and the carrier top. 

77. The hybridization station of claim 75 wherein the chamber element includes: 
an outer surface; and 

an inner surface, the inner surface having a raised portion extending from the inner 
surface. 

78. The hybridization station of claim 77 wherein the chamber element includes 
at least one orifice extending from the inner surface to the outer surface, the at least one 
orifice being encompassed by the raised portion. 

79. The hybridization station of claim 78 wherein the at least one orifice 
includes a first taper, the first taper opening to the inner surface. 

80. The hybridization station of claim 77 wherein the raised portion is a rib. 

8 1 . The hybridization station of claim 77 wherein the raised portion is adapted 
to engage a slide located in the slide locator of the carrier base when the carrier top and the 
carrier base are joined. 

82. The hybridization station of claim 78 wherein the raised portion includes a 
jog region wherein the orifice is seated within the jog region. 

83. The hybridization station of claim 78 wherein the raised portion includes a 
jog region wherein the orifice is seated partially within the jog region. 

84. The hybridization station of claim 77 wherein the inner surface includes at 
least one stop. 

85. The hybridization station of claim 69 wherein the needle assembly includes: 
a needle frame; and 

a plurality of needle systems for delivering fluid; the needle systems being located 
in the needle frame. 
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86. The hybridization station of claim 85 wherein each of the needle systems 
includes: 

a needle tube having a fluid passage; and 

a guide pin dimensioned for receiving the needle tube. 

87. The hybridization station of claim 86 wherein the needle assembly further 
includes: 

a cover plate connected to the needle frame; and 

a spring located between the cover plate and the guide pin, the spring encompassing 
needle tube. 

88. The hybridization station of claim 68 wherein the fluid delivery system 
includes: 

at least one fluid reservoir; 

at least one pump connected to the fluid reservoir; and 
at least one valve connected to the fluid reservoir. 

89. The hybridization station of claim 68 wherein the sample delivery system 
includes: 

a sample source; 
a pump; and 

a sample tip in fluid communication with the pump. 

90. The hybridization station of claim 68 wherein the temperature control 
system includes at least one heater/cooler m thermal communication with the wash station 
assembly. 

91. The hybridization station of claim 89 wherein the sample source is a well 

plate. 

92. The hybridization station of claim 89 wherein the sample source is a micro- 
centrifuge tube. 
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